Abstract. A model is developed for hemoglobin which depends on six Bohr groups per tetramer of hemoglobin. These six groups are assumed to be located in six regions between the four subunits of hemoglobin. When the Bohr groups are assumed to be perturbed in an asymmetrical manner on binding oxygen, these groups then generate the cooperative interactions of hemoglobin. This approach makes it possible to explain oxygen binding, the Bohr effect, specific salt effects, and aggregation effects in a unified manner.
Models for the binding of oxygen, and oxygen-linked (Bohr) hydrogen ions, to hemoglobin1-' separate the Bohr effect (the heterotropic interaction) from the cooperative interactions between oxygen binding sites (the homotropic interaction). In this communication, a model is presented in which this separation is abandoned with the cooperative effect generated by the Bohr effect itself.
The Bohr effect: The release of hydrogen ions on the binding of oxygen (the Bohr effect) may be analyzed with 4) generates a hemoglobin with no apparent Bohr effect between the pH values of 5.0 and 8.5, but with an apparent heme-heme interaction, represented by n = 2.6-3.0, between these pH values.
The other extreme of hemoglobin behavior, one in which there is a Bohr effect but no apparent heme-heme interaction, may be achieved with Eq. (4) 5) where kG is the association constant for two dimers to give a tetramer of hemoglobin; the concentration of the reference species, P(1), becomes a function of the total concentration of hemoglobin. When the total concentration of hemoglobin is known, Eqs. (4) and (5) may be solved explicitly to generate binding curves at different concentrations. In Fig. 4 (5) to fit these data; the same parameters, kE, k11l, kH2, kH,, are used, at the same pH, for oxygen, plus the additional parameter, kG. It is necessary, of course, to use a different value of ko for the bitiding of ethylisocyanide. Discussion: The action of hemoglobin encompasses not only the binding of oxygen but also the binding of hydrogen ions (Bohr effect) and the binding of anions (mainly phosphates and carbonates). Tied into these reactions are effects associated with the reactivity of the four (or six) sulfhydryl groups, the conformation of the subunits, the aggregation of the subunits, and the interactions between the subunits.
Present models treat only some of the properties of hemoglobin, and develop serious inconsistencies when an attempt is made to extend the models to all the activities of hemoglobin. One of the main points in the present models is the separation of the heme-heme interactions (homotropic effect) from the Bohr effect (heterotropic effect). This model abandons this separation, and uses six (rather than eight) Bohr sites. The six Bohr sites are considered to lie between the four subunits of hemoglobin so that a perturbation of one subunit will be reflected in the reactivity of the three Bohr sites bordering on its domain. Thus, the Bohr sites are used to transmit the (now) apparent heme-heme interactions. With a model of this kind, it becomes possible to develop the diverse reactivities of hemoglobin in a manner more consistent with existing data than is possible with previous models.
For example, the Pauling-Wyman model is inconsistent with existing data on the Bohr effect. Antonini et al.12 present data on the displacement of Bohr protons, upon binding of carbon monoxide, which are interpreted to be inconsistent with data of Roughton'3 and Glauser.'4 Calculations with Eq. (4) demonstrate that the present model is consistent with these three sets of data.
Some disagreement has arisen in the interpretation of data reflecting on the details of interactions between hemoglobin subunits. Kinetic studies on hemoglobin by Gibson and Parkhurst"5 have indicated that large differences in reactivity occur after three ligand molecules are bound. With the model proposed in this communication, essentially all of the Bohr sites are perturbed after the binding of three ligand molecules. Thus, this model is qualitatively consistent with the kinetic studies. These studies and the x-ray data of Perutz et al.,6 have been interpreted as supporting the thesis that the tetrameric form, rather than the dimeric form, of hemoglobin is the main functional unit for developing the cooperative effects. Thus, with this model, the ligand binding characteristics, the Bohr effect, specific salt effects, and aggregation effects are explained in a unified approach that depends on the Bohr groups to generate the apparent cooperative interactions.
